Abstract Feeding studies can provide researchers with important insights towards understanding potential fishery impacts on marine systems. Raja rhina is one of the most common elasmobranch species landed in central and northern California demersal fisheries, yet life history information is extremely limited for this species and aspects of its diet are unknown. Specimens of R. rhina were collected between September, 2002 and August, 2003 from fisheries-independent trawl surveys. Percent Index of Relative Importance values indicated that the five most important prey items in 618 stomachs of R. rhina were unidentified teleosts (31.6% IRI), unidentified shrimps (19.6% IRI), unidentified euphausiids (10.9% IRI), Crangonidae (7.4% IRI), and Neocrangon resima (6.0% IRI). There were significant dietary shifts with increasing skate total length and with increasing depths. Smaller skates ate small crustaceans and larger skates ate larger fishes and cephalopods. With increasing depths, diet included bentho-pelagic teleosts and more cephalopods and euphausiids. The findings of this study are consistent with previous researchers that report similar diet shifts in skate species with size and depth.
Introduction
Information on diet provides researchers with important insight into the life history of a species. Knowing what a species eats can provide information about possible distribution and its position in food webs (Ebert et al. 1991; Barry et al. 1996; Ellis et al. 1996; Corté s 1999) . Understanding a predator's trophic interactions can be crucial to developing sustainable management strategies.
Skates are almost one-fourth of the species of cartilaginous fishes living today (Nelson 2006) . Together the three families (Anacanthobatidae, Arhynchobatidae and Rajidae) contain more than 280 species worldwide; making them the most diverse groups of elasmobranchs (Compagno 2005) . Skates occur in all oceans of the world, yet are more common in temperate and polar waters. Despite the fact that skates are widespread and abundant, with new species being described each year, minimal research has been conducted to understand the life history traits of these fishes. Although the diets of several skates have been examined (e.g. McEachran et al. 1976; Berestovskiy 1989; Pedersen 1995; Morato et al. 2003) , the majority of these studies were conducted in the Atlantic Ocean, and few researchers have analyzed populations of Pacific skate species (Orlov 1998 (Orlov , 2003 Yeon et al. 1999) . The general lack of life history information along with poor fishery statistics, due to an inability to properly identify species, makes stock assessment and management decisions difficult.
Skates, while not specifically targeted, comprise a large portion of catches of bottom fishes off California. From 1916 to 1990, skate landings were 90% of all elasmobranch catch, and the most recent estimates indicate that these landings have increased tenfold for a net profit of greater than $340,000/year (Zorzi et al. 2001 ). In comparison with teleost fishes, skates, in general, are slow growing, late maturing, and are less fecund, making them more susceptible to overfishing (Zorzi et al. 2001) . The limited amount of specific life history information for most eastern North Pacific Ocean skate species makes it difficult to determine what impacts these fisheries are having on these populations. Longnose skate, Raja rhina, big skate, R. binoculata, and California skate, R. inornata are the most commercially important skates landed in central and northern California fisheries (Zorzi et al. 2001) .
Raja rhina (Jordan and Gilbert 1880) is one of eleven skate species living off California (Ebert 2003) , and is easily distinguished from the other four members of the family Rajidae by its extremely long, acutely pointed snout. This skate ranges from the southeast Bering Sea southward to Cedros Island, Baja California and the Gulf of California (Mecklenburg et al. 2002) . Raja rhina occurs in areas of mud-cobble bottoms with some vertical relief, nearshore to depths of 1,000 m (Ebert 2003) . The only life history research on R. rhina is an age and growth study by Zeiner and Wolf (1993) , however, age was not validated.
Other than anecdotal reports, the dietary composition of R. rhina is unknown. The objectives of this study were to characterize the overall diet of R. rhina and compare the diet of R. rhina between sexes, size classes, and among depth categories. In doing so, this study provides information that furthers the understanding of a highly understudied group of fishes.
Methods

Sample collection
Raja rhina were collected between September 2002 and August 2003 by the National Marine Fisheries Service, Southwest Fisheries Science Center (NMFS-SWFSC). Fishing vessels were contracted by NMFS-SWFSC to make a series of five otter trawls every month, weather permitting. Each of the five hauls was at a different depth, ranging from 15 m to 532 m, along the continental shelf and upper slope, over soft bottom habitats. The majority of hauls was off the coast of Davenport, California (n = 27), with the rest within Monterey Bay (n = 17).
Whole skates were frozen within 2-12 h from initial capture and at later dates (usually within several days after freezing) specimens were thawed and sorted by species. Skates were weighed to the nearest 0.1 kg. Measurements of total length (TL), disk length (DL) and disk width (DW) were made to the nearest millimeter (mm) for each specimen following Ebert (2003) . Sex and maturity were determined following Ebert (2005) . Stomachs of all skates were removed and re-frozen for later examination.
Overall diet characterization
For months when more than 100 R. rhina were collected a random sub-sample of 100 stomachs was chosen for processing. In months when fewer than 100 R. rhina were collected, all samples were processed. All sampled stomachs were thawed and contents sorted into prey categories over a 500 lm sieve. Once sorted, prey items were blotted on paper towels and enumerated. Wetweight was recorded to the nearest 0.1 mg, and identifications were made to lowest possible taxa using a dissection microscope. When prey were greatly digested and only body fragments remained, the greatest number of individuals represented by those remains was recorded (Skjaeraasen and Bergstad 2000) .
Cumulative prey curves were plotted to determine if enough stomach samples had been processed to assess the species richness of R. rhina diet. The curves were generated using a MATLAB computer program (Adams 2004) , that randomized and resampled the data 100 times to provide mean and standard deviation (SD) values. This technique relies upon the fact that as sample size increases, variation in the estimate of species richness should decrease and the curve should reach an asymptote because new prey items are introduced only rarely (Ferry and Cailliet 1996; Corté s 1997) .
Diet was characterized using measures discussed by Hyslop (1980) . The percentage by number (%N) was calculated by dividing the number of individuals of one prey category by the total number of individuals from all prey categories in that stomach. The percentage by weight (%W) was determined in the same manner as %N. These two measures were generated for each stomach containing food and means were calculated to obtain average values for %N and %W (Cailliet et al. 1986 ). Frequency of occurrence (%FO) was obtained by dividing the total number of stomachs containing prey of one category by the total number of stomachs containing prey of any categories. The values of these three measures were combined into the Index of Relative Importance (IRI) to alleviate the biases of using any one measure alone, and to provide a more complete description of a prey item's importance in the diet of R. rhina. IRI was calculated by adding %N to %W and multiplying the sum by %FO (Pinkas et al. 1971) . To facilitate comparisons with previous research, IRI values were standardized by converting them to percent IRIs (Corté s 1997 (Corté s , 1998 Hansson 1998 ). Diet was also described using the following resource indices: prey diversity, H¢ = (Sp i *ln p i ); prey evenness, J = H¢/ H¢ max ; and prey dominance, D = Sp i 2 , where p i = proportion of species i in diet (Cailliet et al. 1986; Krebs 1999) .
Intraspecific dietary comparisons
Variations in the diet of R. rhina were assessed using the following intraspecific variables: sex, size class, and depth. Ontogenetic shifts in diet were determined by analyzing the following size classes: small (<60 cm TL) and large (>60 cm TL). Size categories were chosen based on reports that R. rhina reaches maturity at 62-74 cm TL for males and 70-100 cm TL for females (Zeiner and Wolf 1993; Ebert 2003) . Depth categories were: shelf (<200 m), shallow slope (200-450 m), and deep slope (>450 m). These depth categories were chosen to reflect the local bathymetry of the sampling area (Wright and King 2002) .
To facilitate the comparisons among intraspecific variables, all prey items were pooled into six higher taxonomic groupings: fishes (teleosts and elasmobranchs), shrimps, Euphausiidae, other crustaceans, Cephalopoda, and Gastropoda. Using %IRI values for these six groupings the diets were initially compared with five separate tests of Morisita's Simplified Index of Similarity (Krebs 1999 ). Morisita's Simplified Index of Similarity was calculated as follows:
where p ij is the proportion that resource i is of the total resources used by species j; p ik the proportion that resource i is of the total resources used by species k.
To further examine possible dietary patterns, and to provide support for the Morisita's tests, a principal components analysis (PCA) was conducted with the six prey groupings as dependant variables (McGarigal et al. 2000) . Bi-plots were generated for each intraspecific variable with PC scores, and vector plots were created with eigenvectors. The resulting component variables from the PCA were then tested with a multivariate analysis of variance (MANOVA) to determine if the patterns indicated by the PCA were statistically significant (Paukert and Wittig 2002) . Conducting the MANOVA on the component variables rather than on the original %IRI measures for the six prey groupings ensured the variables would not violate the assumptions of covariance and multivariate normality (Crow 1979) . Within the MANOVA, significance of main effect was tested using Wilk's Lambda, Pillai's Trace Criterion, and Hotelling's Trace Criterion. Probability values were considered Environ Biol Fish (2007) 80:165-179 167 significant with a value less than a = 0.05. When multivariate tests were significant, post-hoc three-way analysis of variance (ANOVA) tests were conducted to determine which principal component (PC) was the cause for the difference in diets. The main factors (all fixed) for the ANOVA's were sex, size, and depth. Interactions were tested among all factors (sex*size, sex*-depth, size*depth, and sex*size*depth), however only significant interaction terms among factors were considered in the results.
Results
Sample collection
A total of 527 females and 666 males was collected at depths ranging from 29 m to 532 m ( Fig. 1 ). Raja rhina were absent from shallow waters <29 m. Due to cruise cancellations sampling was not carried out in April, May, or August.
Overall diet characterization A total of 618 samples was randomly selected for stomach content analysis, of which 55 stomachs were empty, thereby making the total number of samples for this study 563. The cumulative species curve for all 563 samples ( Fig. 2a) trended toward an asymptote near 450 samples, indicating that sufficient stomachs were processed to adequately describe the number of prey species in the diet. Sixty-seven prey items were identified to lowest taxonomic level, containing at least 23 fish species, 10 shrimp species, four cephalopod species, one euphausiid species, three gastropod species, and six other crustacean species (Table 1) . Those prey items having a percent Index of Relative Importance (%IRI) value greater than 5% were: teleost (unidentified), shrimp (unidentified), Euphausiidae (unidentified), Crangonidae, Neocrangon resima, and Sebastes spp. (Fig. 3) . The other 61 prey items collectively only had a %IRI value of 18.9. Results of the resource indices indicate a diverse diet: prey diversity, H¢ = 3.18; prey evenness, J = 0.76; prey dominance, D = 0.06.
Intraspecific dietary comparisons
Cumulative species curves for each category of all intraspecific variables (sex, size, and depth) trended toward asymptotes (male~250, female~225, small~200, large~200, shelf~250, shallow slope~100, and deep slope~70), indicating that enough samples were processed from each category to adequately describe and compare the prey species in the diets ( Fig. 2 b-h). Sixteen samples lacked any depth information so they were excluded from the Morisita's Index comparing depth classes. These samples were also excluded from PCA and MANOVA testing, thereby making the total number of samples in these two analyses 547.
The five separate Morisita's Index of Overlap tests demonstrated a low level of similarity between the size classes ( Table 2) . Diets of males and females almost completely overlapped (99.4%), as did the diets of skates caught at the two shallower depths (94.3%). When the deep slope diet was compared with either of the shallower depths (76.2% and 64.4%) overlap was considered high based upon standards set forth in Cailliet and Barry (1978) , however, the values were much less than the comparison of the two shallow depths, indicating a possibility that different prey items were eaten at deeper depths.
Examination of the PCA bi-plots and vector plots revealed several dietary patterns among the intraspecific variables compared (Fig. 4) . In combination, the first three PCs explained 71% of the total variation in R. rhina diet. PC 4 explained less than 10% of the total variance; therefore, only the first three PCs will be discussed further. Prey categories that loaded heavily on PC 1 were shrimps (positive) and fishes (negative). Cephalopods, euphausiids (both positive) and shrimps (negative) loaded heavily on PC 2. Other crustaceans and gastropods (both positive) loaded heavily on PC 3. When the data were coded for sex (Fig. 4a, e) no pattern was observed, indicating there was no difference in the diets of males and females. However, when the data were coded for size (Fig. 4b, f) a pattern emerged in which the large individuals were trending towards the lower left quadrant (Fig. 4b) and to the left of the x-axis (Fig. 4f) , whereas the small individuals were interspersed with a slight trend to the lower right quadrant (Fig. 4b ). When these patterns were examined in conjunction with the vector plots (Fig. 4d, h ) it appeared that the diet of large individuals was dominated by fishes and the diet of small individuals was dominated by shrimps. When the data were coded for depth (Fig. 4c, g ), the individuals caught on the deep slope trended towards the left hand side of the group of points (Fig. 4c) , and below the y-axis (Fig. 4g) . When examined in conjunction with the vector plots (Fig. 4d, h ) this observed dietary pattern appeared to be driven by the presence of fishes, euphausiids, and cephalopods. There was no apparent pattern in diet between the two shallower depths (shelf and shallow slope).
MANOVA supported the dietary patterns observed in the PCA bi-plots. All three tests for main effect (Wilks' Lambda, Pillai's Trace, and Hotelling's Trace) provided consistent values, therefore, only the results for Wilks' Lambda will be presented and discussed further. A low value of Wilks' Lambda indicated no statistical significance between diets of male and female R. rhina. However, statistically significant results were detected when testing for effects of size and depth (Table 3) . Size-based effects on diet were the strongest and were significant on all three PCs. Although depth-based effects were significant, they were less so than size-based effects and were only driven by PC 2. It is important to point out, however, that prey categories that loaded heavily on PC 2 were cephalopods and euphausiids that were more commonly observed in samples from the deep slope category. The outcome of the post-hoc ANOVA tests indicated a significant interaction between size and depth for PC 1 and PC 2 ( Table 3 ). The resulting plots of these interactions for each PC (Fig. 5 ) demonstrated that fish and shrimp prey that loaded heavily on PC 1 were consumed by small and large skates, respectively, such that size-effects were less extreme in skates from the deeper depths (Fig. 5 a-c) . The opposite trend was observed for PC 2. Cephalopods and euphausiids, which loaded heavily on PC 2, were more abundant in small R. rhina from deeper depths. Size effects were not extreme in skates from shallower depths (Fig. 5d-f ). There was no difference in the consumption of prey items that loaded heavily on PC 3 (other crustaceans and gastropods) for either size class among depths (Fig. 5g-i) . Asterisks indicate values of low similarity when using a significance level of 0.53 (Cailliet and Barry 1978) . Values in parentheses are the number of samples within each variable Fig. 3 Raja rhina prey items that have %IRI values (in parentheses) greater than 5%. Total number of prey items was 67 and total number of stomach samples in this analysis was 563
Discussion
Overall diet characterization Intermittent feeding (bouts of feeding followed by longer periods of resting or non-feeding) is known for several shark species (Wetherbee et al. 1990; Joyce et al. 2002; , however, skates employ a more constant feeding strategy (Abd El-Aziz 1986; Ezzat et al. 1987; Muto et al. 2001 ). Within our study only 8.9% of stomachs examined were empty. This value is less than other rajid feeding studies that used similar collection methods (Pedersen 1995; Skjaeraasen and Bergstad 2000) . State of digestion among all stomachs containing prey items was fairly consistent. Within each stomach, however, it was common to find similar prey items in various states of decomposition. The low occurrence of empty stomachs along with the lack of homogeneous digestion demonstrates that R. rhina have no periodicity of feeding. This study, therefore, supports the idea that skates exhibit continuous feeding activities.
Many researchers have classified skates as specialist feeders (Ebert et al. 1991; Orlov 1998; Braccini and Perez 2005; Mabragañ a et al. 2005) , whereas, several others have found skate species to be generalist feeders (Holden and Tucker 1974; Smale and Cowley 1992; Koen Alonso et al. 2001) . The diet of R. rhina consisted of 67 prey items from a wide array of biological groups (i.e. fishes, shrimps, gastropods). Washington (1984) reported that in most biological communities the value of diversity (H¢) does not exceed 5.0. Therefore, the value of prey diversity measured for R. rhina, 3.18, can be considered quite high, thus making the probability of finding any one of the 67 prey items within this skate's diet highly uncertain. Although only six prey items had a %IRI value greater than 5%, the overall diet was not dominated by any one prey species, and the remaining 61 prey items caused the diet to remain fairly even. These factors: great number of prey items, great diversity of prey species, and an even diet, lead to the conclusion that R. rhina can be classified as a generalist feeder.
Although there are only two anecdotal reports of the diet of R. rhina (Wakefield 1984; Ebert 2003 ) the findings of this study support those of previous researchers. Ebert (2003) described its diet as mainly benthic crustaceans and bony fishes. Wakefield (1984) found mostly fishes and decapod crustaceans, but only had four stomachs to analyze. The overall diet of R. rhina from our current study was mostly teleosts (~23 species) and shrimps (~10 species). The major fish groups were the families Scorpaenidae, Myctophidae, and the order Pleuronectiformes, whereas the major shrimp groups were the families Crangonidae, Hippolytidae, and Pandalidae. Cephalopods were the third most important prey group. Several other skate species feed on cephalopods (McEachran et al. 1976; Pedersen 1995; Kabasakal 2002; Morato et al. 2003) , however, this has not been previously reported for R. rhina. In Allen's (2006) recent book chapter, he mentions that R. rhina is an important member of the outer shelf (100-200 m) and mesobenthal (200-500 m) slope habitats from northern California through northern Baja California. Our study in central California supports these claims, indicating that R. rhina is an upper lever predator feeding on other important fish species in these habitats (pacific hake, Merluccius productus, spotted cusk-eel, Chilara taylori, rex sole, Glyptocephalus zachirus, splitnose, Sebastes diploproa, stripetail, S. saxicola, and shortbelly rockfishes, S. jordani).
The utilization of pelagic food sources by demersal elasmobranchs has been well documented by several authors (Holden and Tucker 1974; Mauchline and Gordon 1983; Smale and Cowley 1992; Koen Alonso et al. 2001; . Although the actual mechanism of how these prey items are preyed upon remains unknown there are two possible explanations. The first is simply that demersal predators are consuming fishery discards or animals that have died of natural causes. Berestovskiy (1989) argued that the relative body shape and Fig. 4 Principal component analysis (PCA) bi-plots (a-c, e-g) and vector plots (d, h) for sex (triangles), size classes (squares) and depths (circles). Together, the three principal components explain 71% of the variance in the diet of R. rhina. The six bi-plots (a-c, e-g) depict patterns in the diet of R. rhina, while the vector plots (d, h) help explain which prey categories are driving the bi-plot patterns lie-and-wait feeding behavior of skates prevents them from successfully hunting large pelagic species, therefore, their presence in skate diets can only be explained by scavenging on dead fishes. The second explanation is that demersal predators swim off the substrate to actively hunt pelagic species that have vertical migratory patterns. Kabasakal (2002) provided evidence that demersal predators were able to consume several semi-pelagic cephalopod species because during daylight hours the cephalopods live in close proximity to the bottom. Orlov (2003) speculated that due to the relative shape of the continental slope and the migratory patterns of mesopelagic fishes these prey species could be eaten by demersal skate species. Morato et al. (2003) also reported they thought active hunting was why pelagic species were in the diet of Raja clavata. The general trend of skates to eat pelagic species is also apparent in the diet of R. rhina with the inclusion of Loligo, Thysanoessa, Fig. 5 Plots of analysis of variance (ANOVA) interaction terms between size and depth for all three principal components (PC). Prey categories that loaded heavily on each PC are presented on the y-axes. The rows of plots (a-c, df, and g-i) represent the different PCs, whereas the columns of plots (a, d, g; b, e, h; and c, f, i) represent the three depth categories and several myctophid fishes in the list of prey items consumed by this skate. Although we did not investigate how these pelagic prey items were caught, the frequency with which they were eaten by R. rhina, relative to other minor prey items, indicates they were actively preyed upon rather than passively scavenged. These findings are consistent with the notion that some skates have a more benthopelagic feeding strategy.
Intraspecific dietary comparisons
Several investigators have compared the diet of skates between sexes (Orlov 1998; Koen Alonso et al. 2001; Morato et al. 2003; Braccini and Perez 2005; Dolgov 2005 ). In the majority of species examined males and females fed on similar prey items. Only Orlov (1998 Orlov ( , 2003 found different diets between sexes of several species of bathyrajid skates; males consumed more crab and cephalopod species whereas females consumed more fish species. Orlov (1998) attributed these differences to size dimorphism of male and female skates. Although size dimorphism does occur in some rajid species, no other researcher has found that it plays a role in dietary segregation. Our results are consistent with previous papers, diets of male and female R. rhina overlapped by 99.4%, despite the fact that females may reach larger sizes than males. Ontogenetic shifts in diet is a common phenomenon among rajid species. Many researchers have reported a general trend that younger smaller skates fed more on smaller prey groups such as gammarid amphipods and small shrimps, whereas older, larger skates fed more on larger shrimps, polychaetes, and fishes (Ajayi 1982; Yeon et al. 1999; Muto et al. 2001; Brickle et al. 2003) . Lucifora et al. (2000) provided evidence that large and small Dipturus chilensis fed on the same prey species but the relative size of the fish consumed increased with larger predator size. These general patterns were clearly observed in the diet of R. rhina. Smaller R. rhina had a diet consisting of more shrimps, whereas larger R. rhina consumed a greater amount of fishes. Although there was some degree of overlap between the two size classes examined (due to similar prey species being consumed by both size classes) the relative sizes of those prey species increased with increasing size of R. rhina. It is believed that the reason for these patterns is morphological constraints in which smaller skates are unable to consume prey sizes available to larger skates because of gape width limitations and a weaker foraging ability (Smale and Cowley 1992; Lucifora et al. 2000; Braccini and Perez 2005) . It is commonly thought that these shifts in diet are a mechanism to reduce intraspecific competition among members of a community. The central Californian population of R. rhina exhibited ontogenetic shifts in diet that are common within this group of fishes.
Variations in diet with increasing depth has been a highly understudied aspect of skate feeding, and only a few authors have included it into their research. Hacunda (1981) reported that in the Gulf of Maine demersal fishes selected prey from different depth strata as a means of food resource partitioning. Templeman (1982) determined that in the diet of Raja radiata certain fish species and cephalopods were more important in deeper water whereas crabs and different fishes were consumed more in shallower water. Ebert et al. (1991) concluded that off the west coast of southern Africa there were two distinct skate communities, one shallower and one deeper than 380 m. Although these two communities were determined to be distinct, both groups had members that filled similar niches (i.e. crustacean specialists). Even though all three of these studies concluded there were depth-based dietary differences not one of them performed any analyses to determine if these differences were statistically significant, therefore, these conclusions have to be accepted with caution. In the present study, the diet of R. rhina varied with increasing depths, with cephalopods, euphausiids, and certain fishes (mainly rockfishes) being more important in the diets of skates living deeper than 450 m. Unlike previous studies, these results were significant by means of multivariate analyses. Although we did not measure prey abundance, it seems likely that these variations with depth were a function of prey species availability in the deeper sections of R. rhina range. Therefore, it is possible that R. rhina has incorporated these prey species into its diet as a way to further reduce intraspecific competition.
Importance of statistical methodology
Compound measures of importance (IRI, etc.), while being used more commonly, are still highly underutilized in diet and feeding studies. The importance of measuring more than one individual parameter (i.e. number, weight/volume, or frequency of occurrence) and incorporating these measures into one encompassing index has been discussed by several authors (Hyslop 1980; Ferry and Cailliet 1996; Corté s 1997; . Using any one measure alone will provide different results than if another measure was chosen for analysis. For instance, in the current study, if only data for %W were examined, Sebastes species would have had greater importance in R. rhina diet whereas, if only %FO was examined, the importance of cephalopod species in R. rhina diet would have been over accentuated. Only by combining all three measures into the %IRI was this study able to remove the bias of numerically abundant prey items, heavier prey items, and frequently consumed prey items to provide a complete comprehensive description of the overall diet of R. rhina. This study thereby provides evidence to support and to endorse the use of compound measures of importance in any future feeding studies.
There is an overwhelming lack of any statistical support for results presented in the majority of published literature of feeding studies. Most authors utilize common overlap or similarity measures to compare diets within and among species. Although there is nothing inherently wrong with using these measures, the problem arises in that researchers try to classify the resulting data as significant. Ferry and Cailliet (1996) point out that, in spite of an index's power, they are not probability-based statistics and cannot infer any significance. The only means for a researcher to make these claims is to follow a similarity index with some sort of parametric or non-parametric statistical test. Crow (1979) stated early on, that if testing for differences in two or more groups of fish with more than one species multivariate tests are mandatory, and although this was published more than 25 years ago, researchers continue to publish these types of comparisons without the proper statistics.
Another problem with simply using an index is that sometimes patterns in data are not fully realized until a more complex statistic is employed. The results of this current study make this point very clearly. If R. rhina diet was only compared with the Morisita's Index of Overlap, then it would have been thought that the diet of skates at any depth were highly overlapped, therefore similar. The diets of small and large skates also would have been considered only marginally dissimilar. However, by also using a PCA and a MANOVA, some significant patterns were observed between the size classes and among the depth categories. These are patterns that can be highly important for proper inclusion in any management models, yet they would have remained unnoticed without the use of parametric statistics. By clearly describing significant patterns in R. rhina diet we have supported previous reports that complex statistical methods are mandatory to completely characterize diet.
Conclusion
Despite obvious regional differences in species composition, the diet of Raja rhina is consistent with other skate species (Orlov 1998; Yeon et al. 1999; Lucifora et al. 2000; Koen Alonso et al. 2001) . The main prey groups utilized by R. rhina are fishes, crustaceans, and cephalopods. No difference was detected between males and females. However, there was a significant dietary shift from small shrimps to large teleosts with increasing skate total length. Along the central California coast, R. rhina also displayed dietary variations in which cephalopods, euphausiids, and certain fishes became more important at deeper depths. These details of R. rhina feeding, along with other life history parameters yet to be examined, are crucial in understanding how this species fits into the demersal food web of this region and how this skate may be impacted by commercial fisheries. This life history information can further be used to develop important models for sustainable management of the skate community of central California.
